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Abstract 

This study aims to compare the results of KMO MSA analysis, Eigen Value, reliability, and Standard 

Error Measurement (SEm) between raw scores (original) and standardized scores (rescaling) through the 

summated rating scaling method on critical reasoning attitudes of vocational students in Yogyakarta City. 

This study used a quantitative descriptive approach involving 204 private vocational students as subjects. 

The instrument used to measure critical reasoning attitudes has gone through thorough validity and 

reliability testing before the research was carried out. The analysis process was carried out by calculating 

the KMO MSA, Eigen Value, reliability, and SEm values on both raw and standardized scores. The 

results of the two types of scores were then compared to identify any differences. Based on the results of 

the analysis, it was found that the raw score had a KMO MSA of 0.87, reliability of 0.823, and SEm of 

0.337. After rescaling, the KMO MSA value decreased slightly to 0.86, the reliability also decreased 

slightly to 0.821, while the SEm increased to 0.406. Eigenvalue analysis showed that both the raw and 

standardized scores yielded seven factors with Eigenvalues greater than 1. The differences found between 

these two types of scores, namely 0.01 for KMO MSA, 0.002 for reliability, and -0.069 for SEm, indicate 

small but significant changes, especially in terms of the increase in SEm after rescaling, which impacts 

the level of measurement accuracy. 

Keywords: Reliability, Eigen Value, Summated Rating, Critical Reasoning Attitude. 

Abstrak 

Penelitian ini bertujuan untuk membandingkan hasil analisis KMO MSA, Eigen Value, reliabilitas, dan Standard 

Error Measurement (SEm) antara skor mentah (original) dan skor distandarkan (rescaling) melalui metode 

penskalaan summated rating pada sikap bernalar kritis siswa SMK di Kota Yogyakarta. Penelitian ini 

menggunakan pendekatan deskriptif kuantitatif dengan melibatkan 204 siswa SMK swasta sebagai subjek. 

Instrumen yang digunakan untuk mengukur sikap bernalar kritis telah melalui pengujian validitas dan reliabilitas 

secara menyeluruh sebelum penelitian dilaksanakan. Proses analisis dilakukan dengan menghitung nilai KMO 

MSA, Eigen Value, reliabilitas, dan SEm baik pada skor mentah maupun distandarkan. Hasil dari kedua jenis skor 

tersebut kemudian dibandingkan untuk mengidentifikasi perbedaan yang muncul. Berdasarkan hasil analisis, 

ditemukan bahwa skor mentah memiliki KMO MSA sebesar 0,87, reliabilitas 0,823, dan SEm sebesar 0,337. Setelah 

rescaling, nilai KMO MSA sedikit menurun menjadi 0,86, reliabilitas juga sedikit menurun menjadi 0,821, 

sementara SEm mengalami peningkatan menjadi 0,406. Analisis Eigen Value menunjukkan bahwa baik skor 

mentah maupun distandarkan menghasilkan tujuh faktor dengan nilai Eigen Value lebih besar dari 1. Perbedaan 

yang ditemukan antara kedua jenis skor ini, yakni 0,01 untuk KMO MSA, 0,002 untuk reliabilitas, dan -0,069 

untuk SEm, menunjukkan perubahan kecil tetapi signifikan, terutama dalam hal peningkatan SEm setelah rescaling 

dilakukan, yang berdampak pada tingkat akurasi pengukuran. 

Kata Kunci: Reliabilitas, Eigen Value, Summated Rating, Sikap Bernalar Kritis. 
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Introduction  

Critical reasoning is essential for everyday problem-solving, enabling individuals to derive the best 

conclusions from available facts (Rachmantika & Wardono, 2019). It encompasses the skills to reason, 

analyze, and apply logic to various scenarios   (Abduqodirovich, 2023). However, effective instruction 

and acquisition of critical reasoning skills in higher education might need to be improved (Effendi et al., 

2015; Fajri & Amir, 2022; Golden, 2023). When considering children's reasoning in problem-solving, it 

is crucial to provide tasks that assess their knowledge, reasoning abilities, and problem-solving strategies 

(Hamdi et al., 2018; Kim & Pegg, 2019; Pramudita et al., 2019). 

Hasanatin & Rohaeti, (2021) created a comprehensive assessment tool to evaluate senior high school 

students' critical thinking abilities and scientific attitudes, ensuring both high validity and reliability. 

Cromwell (1992) stressed the necessity of adhering to assessment principles in classrooms to evaluate 

critical thinking effectively. Crossley (2017, 2016) discussed the difficulties in assessing non-cognitive 

domains like critical reasoning attitudes due to the challenges in defining these constructs and the inherent 

subjectivity in assessment. They suggested strategies such as employing cognitive assessments as proxies 

and objectifying subjective evaluations while also recognizing the limitations of these methods (Allen et 

al., 1979). 

There are four levels of measurement, namely nominal, ordinal, interval, and ratio. Scores resulting 

from Thurstone and Likert-type measurement instruments are considered ordinal data. Ordinal data 

analysis only allows the use of the mode and median while not allowing the use of the mean and Standard 

Deviation (SD). The use of this data has limitations because it does not meet the parametric assumptions 

related to the data. Kampen (2019) states that the assumptions in parametric analysis involve data 

obtained at the interval and ratio levels. Therefore, data at the ordinal level cannot be analyzed using 

parametric statistics, and the analysis carried out must be nonparametric. 

The use of ordinal data in parametric data analysis has been a topic of prolonged debate among 

experts, and until now, an agreement has yet to be reached. Carifio and Perla (2008)  noted the debate 

that has been going on for 50 years regarding data obtained from the Likert measurement model. 

Jamieson (2004)  state that data on a Likert scale has ordinal or ranking characteristics, so it is best to 

analyze it using nonparametric methods, which are considered less sensitive and more powerful than 

parametric methods. Suryabrata (2002)  noted that data in psychological measurements is not actually 

interval data but is often treated as interval data. One approach to overcome this debate is through a 

scaling process, which tries to place attributes or characteristics on a continuum range by changing values 

or carrying out score transformations, either linearly or nonlinearly (Brennan et al., 2013). In the context 

of this research, scaling is associated with efforts to change ordinal data, which initially do not have the 

same comparison units, into interval or ratio data that have equivalent comparison units (Setiawati et al., 

2013). 

Summated Rating Scaling is important in converting raw scores into standardized scores in 

educational assessment. This method converts raw data into scores that can be compared in a 

standardized way, but the results still have ordinal characteristics. In research on multiple intelligence 

instruments, this method has been shown to be effective in producing score variations in each response 

(Setiawati, 2013, 2014). Such score variation can affect the variance and standard error of measurement 

after the data is rescaled (Setiawati, 2013, 2014). It should be noted that in the context of analyses that 

do not use the Rasch model, the data are not converted to an interval scale but remain in ordinal form. 

Other methods, such as Rating Scale, have also been used in evaluating community service programs, 

but retain ordinal characteristics when converting scores through manual input (Wiyono et al., 2017). 

In this research, it is important to assess the critical reasoning attitude of vocational students through 

filling out a questionnaire at the link https://bit.ly/Angket_Bernalar_Kritis.The data generated at this time 

are still raw scores (original scores before transformation). Therefore, this study uses the summated rating 

scaling transformation to convert raw scores into standardized scores, which retain ordinal 

https://bit.ly/Angket_Bernalar_Kritis
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characteristics. The analysis aimed to compare the results of KMO MSA, eigenvalue, reliability, and 

standard error of measurement between the raw (original) and standardized (rescaled) scores on critical 

reasoning attitudes of vocational students. However, it should be noted that the rescaled data was not 

converted into an interval scale because it did not use the Rasch model. The standardized scores used 

still have ordinal, rather than interval, characteristics. 

Methods 

The use of descriptive quantitative methods in research is a widely adopted and valuable approach, 

enabling the summarization and interpretation of data (Clark et al., 2019; Flinton & Malamateniou, 

2020). However, there is an observed imbalance in the application of qualitative versus quantitative 

methods, with the latter being more dominant due to its capacity to measure and generalize findings from 

larger populations (Vijayendra & Fantone, 2023). Despite this trend, there is an advocacy for a more 

balanced use of research methodologies, including descriptive statistics, to enhance research across 

various fields (Proches, 2016). This instrument consists of 36 statement items that have been tested for 

validity and reliability (Retnawati, 2016). Validity using Aiken was 0.91 in the "very high" category, and 

reliability using Cronbach's Alpha was 0.823 in the "strong" category. 

Instruments were then scaled using a Summated Rating, which looked for KMO MSA, Eigen Value, 

reliability, and standard error of measurement (SEm). This was done to compare the results of KMO 

MSA, Eigen Value, reliability, and Standard Error of measurement (SEm) between raw scores (original) 

and standardized scores (rescaling) through summated rating scaling of attitudes reason critical 

vocational school students. 

The subject study consists of 204 private vocational school students in Yogyakarta City. Data is 

collected through a spread questionnaire using the link at https://bit.ly/Angket_Bernalar_Kritis. After 

the data is collected, the step is data analysis. 

This deep data analysis study uses statistical calculations with the help of Microsoft Excel, SPSS 26, 

and R programs. The calculations compare the results of KMO MSA, Eigen Value, reliability, and 

Standard Error of Measurement (SEm) between raw scores (original) and standardized scores (rescaling) 

through summated rating scaling of the critical thinking attitudes of vocational school students. 

The steps for analyzing the results of KMO MSA, Eigen Value, reliability, and SEm between raw and 

standardized scores follow the guidelines set by ElHafeez et al. (2022) and Sabon et al. (2022). These 

steps include 1) Calculate the number frequency (f) of subjects on all responses for each Item. 2) Calculate 

the proportion (p) by dividing the frequency (f) by the number of respondents (N). 3) Calculate the 

cumulative proportion (cp), which includes the proportion in each category plus the previous proportion 

category. 4) Calculate the middle-cp value, which is the midpoint of the cumulative proportion. 5) 

Calculate the sign deviation (z) using the normal z curve table. 6) Determine the smallest value deviation 

of 0 by summing the values until it reaches the lowest value of 0. 7) Summing up all value categories plus 

the smallest value deviation in step 6. Meanwhile, for reliability calculations, use the reliability test using 

Cronbach's Alpha technique (Christmann & Aelst, 2006; Purnamasari et al., 2020;Sharma, 2016; Taber, 

2018). The reliability coefficient formula is as follows: 

𝜶 =  (
𝑲

𝑲−𝟏
) (

𝑺𝒓
𝟐−∑𝑺𝒊

𝟐

𝑺𝒙
𝟐 )      (Formula 1) 

where: 

𝛼 (alpha) = Cronbach's Alpha Reliability 

𝐾 = Amount Item tested questions 

∑ = Amount variant score Item 

 𝑆 = Variation scores test (entire Item K) 

https://bit.ly/Angket_Bernalar_Kritis
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If the alpha value exceeds 0.7, this indicates that reliability is adequate (Faralina et al., 2016; Prasasti 

& Istiyono, 2018; Setiawan et al., 2024; Sugiyono et al., 2017; Sumin et al., 2022; Syahputra et al., 2023; 

Wardani et al., 2018). In addition, if alpha reaches more than 0.8, it can be concluded that all test items 

are considered reliable with a high level of reliability (Amin et al., 2018; Sugiyono et al., 2017). Reliable 

test instrument standards are determined based on a comparison of the alpha value with the reference 

value (r table). If the alpha value is greater than the r table, then the question is considered reliable. In 

contrast, if the alpha value is smaller than the r table, then the question is considered unreliable. In 

evaluating test instruments, this comparison is the main criterion for determining the reliability of the 

instrument after the Cronbach's Alpha reliability coefficient is calculated and compared with established 

reliability standards (Clements et al., 2008; Nolan et al., 2012; Kalkbrenner, 2021; Teng & Wang, 2021). 

This initial step is carried out by looking for matrix relationships between the observed indicators. 

Several metrics can be used as guidelines to ensure data completeness. The application of SPSS software 

for data analysis has been extensively examined across various fields. Jian-Hua (2005) emphasize the 

efficiency and accuracy of SPSS in medical and sports measurement studies, respectively. Additionally, 

MacInnes (2017) illustrates the predictive capabilities and cost-saving benefits of SPSS in base station 

construction. Stępień et al. (2021) also highlight the reliability of SPSS in statistical analysis, particularly 

for sphericity measurements. Collectively, these studies highlight the versatility and effectiveness of SPSS 

in diverse research contexts. 

However, in this study, we chose to use the Kaiser-Meyer Olkin (KMO) measurement method to 

analyze data using SPSS software. This method is generally used to assess the completeness of data 

required for factor analysis. The KMO method is used to measure the completeness of the sample, as 

well as to assess the completeness of the sample for each indicator. This method checks the homogeneity 

of indicators, and the results can be found in Table 3.4, in accordance with recommendations from Kaiser 

as expressed by previous studies (Alotaibi, 2017; Hudha & Mardapi, 2018; Kalkbrenner, 2021; 

Kumolohadi et al., 2021; Okoye et al., 2021; Puspitasari et al., 2019; Rasool et al., 2021; Santoso et al., 

2022). 

In general, a high KMO is very necessary. The higher the KMO value, the better the factor analysis 

determination (Kurniawan & Munadi, 2019; Rosana et al., 2020). Judging from Table 3.1 above, at least 

the KMO value can be above 0.80. However, values above 0.50 can usually still be accommodated for 

determining factor analysis (Hajaroh et al., 2021). 

The basic formula for calculating KMO is as follows: 

𝐾𝑀𝑂 =  
∑∑𝑟𝑖𝑗

2

∑∑𝑟𝑖𝑗
2 + ∑∑𝑎𝑖𝑗

2       (Formula 2) 

Where: rij
2 = koefisien korelasi 

      aij
2 = koefisien korelasi parsial 

Apart from including all indicators in the correlation calculation, KMO also calculates the correlation 

coefficient in the factor analysis for certain indicators; the formula is as follows: 

  𝑀𝑆𝐴 =  
∑ 𝑟𝑖𝑗

2

∑𝑟𝑖𝑗
2 + ∑𝑎𝑖𝑗

2      (Formula 3) 

Where: rij
2 = koefisien korelasi 

                 aij
2 = koefisien korelasi parsial 

Kaiser-Meier Olkin's Measure of Sampling Adequacy (KMO) is crucial for assessing the suitability of 

data for factor analysis (Nkansah, 2018). Generally, a KMO value between 0.6 and 0.7 is deemed 

acceptable, but the connection between individual KMO values and commonality can be complex (Tyler 

& Michael, 1958). Kaiser's measure of sampling adequacy (MSA) for single variables is also significant, 

with a higher MSA correlation coefficient indicating better suitability for factor analysis. Despite its 
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usefulness in identifying unsuitable items before factor analysis, MSA needs to be more noticed (Lorenzo-

Seva & Ferrando, 2021). Meyer (1977) emphasizes the importance of a high MSA value, recommending 

it be at least 0.5 for data to be considered appropriate for factor analysis. 

Results and Discussion 

The study emphasizes the importance of critical reasoning skills in everyday life and academic settings. 

By honing these skills, students can make well-informed decisions, solve problems systematically, and 

draw contextually accurate conclusions (Rachmantika & Wardono, 2019). The assessment of critical 

reasoning attitudes involves assigning values to non-cognitive attributes, which can reflect the 

qualifications of the measured attributes (Allen et al., 1979). 

The study explains the four levels of measurement: nominal, ordinal, interval, and ratio. Ordinal data, 

derived from instruments like the Likert scale, traditionally allow only for mode and median calculations 

and are typically analyzed using nonparametric methods due to their limitations in meeting parametric 

assumptions (Kampen, 2019). However, the transformation of ordinal data into interval or ratio data 

through scaling methods has been a topic of extensive debate by Carifio and Perla (Setiawati et al., 2013). 

The research utilizes summated rating scales, known for their reliability and validity in measuring 

attitudes and opinions (Alderson et al., 1992). Various scaling methods, such as stimulus-centered, 

response-centered, and subject-centered scaling, are employed to convert ordinal data into interval data, 

which allows for more detailed statistical analysis Torgerson (Setiawati et al., 2013). 

The study used an adapted instrument consisting of 36 items, validated and tested for reliability, with 

a validity score of 0.91 (very high) and a reliability score of 0.823 (strong). The instrument was then scaled 

using summated rating scaling to compare the results of KMO MSA, Eigen Value, reliability, and 

Standard Error of Measurement (SEm) raw scores (original) and standardized scores (rescaling) through 

rating scaling. 

Data from 204 vocational school students were collected via a questionnaire and analyzed using 

Microsoft Excel, SPSS 26, and the R Program. The analysis steps included calculating frequencies, 

proportions, cumulative proportions, and z-scores for summated rating scaling. Reliability was assessed 

using Cronbach's Alpha, and the KMO MSA was calculated using SPSS and the R Program. 

The study presents calculations for five of the 36 items to illustrate the scaling process. For each Item, 

frequencies and proportions were calculated, and z-scores were derived to transform ordinal responses 

into interval data. This transformation resulted in varied response scores, allowing for finer data 

granularity and potentially affecting descriptive statistics, validity, and reliability. 

The comparison of KMO MSA, Eigen Value, reliability, and SEm raw scores (original) and 

standardized scores (rescaling) through summated rating scaling showed minimal differences, suggesting 

that the scaling method does not significantly impact the overall results. The KMO MSA values for 

individual items' raw scores (original) and standardized scores (rescaling) through summated rating 

scaling remained relatively consistent, indicating that scaling did not markedly improve or degrade the 

factor analysis suitability. 

Tables 1 through 5 demonstrate the summated rating scaling calculations for selected items. The 

comparison tables (Tables 6-9) show the results of raw scores (original) and standardized scores 

(rescaling) through summated rating scaling, with a negligible difference in overall KMO MSA values 

(0.87 original and 0.86 rescaling). This indicates that the summated rating scaling method does not 

significantly affect the KMO MSA results, suggesting its limited impact on the instrument's psychometric 

properties. 
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Calculation Summated Rating Scaling 

The initial steps in Summated Rating Scaling, as described by  Spector (1992), include calculating the 

frequency and proportion of responses for each Item, followed by determining the cumulative proportion 

and median value. This process is essential for creating reliable and valid rating scales, as discussed by 

(Brown & Daniel, 1990; Shevlin et al., 1997). Shevlin et al.'s (1997) research underscores the effect of 

reliability on the precision of composite scores, while Brown compares different scaling methods and 

their underlying assumptions. Spector (1976) stresses the importance of using equal interval response 

categories to maintain the scale's accuracy. These procedures are critical in developing effective rating 

scales. 

The initial steps taken in Summated Rating Scaling are 1) Calculate the number frequency (f) of 

subjects on all responses for each Item. 2) Calculate the proportion (p) by dividing the frequency (f) by 

the number of respondents (N). 3) Calculate the cumulative proportion (cp), which includes the 

proportion in each category plus the previous proportion category. 4) Calculate the middle-cp value, 

which is the midpoint of the cumulative proportion. 5) Calculate the sign deviation (z) using the normal 

z curve table. 6) Determine the smallest value deviation of 0 by summing the values until it reaches the 

lowest value of 0. 7) Summing up all value categories plus the smallest value deviation in step 6 (Spector, 

1992). 

The article includes the calculation for summated rating scaling based on 36 items, but only 5 items 

are shown to save space. The complete calculations for all 36 items can be accessed via this link: 

https://bit.ly/36_Item_Summated_Rating. Tables 1 through 5 display examples of calculations for the 5 

items (specifically items 1, 10, 18, 27, and 36). 

Table 1. Calculation of Summated Rating Scaling for Item 1 

Item 1 
Response 

1 2 3 4 

f 32 143 25 4 

p 0.15686 0.70098 0.12255 0.01961 

cp 0.15686 0.85784 0.98039 1.00000 

middle-cp 0.07843 0.50735 0.91912 0.99020 

z -1.41570 0.01843 1.39916 2.33377 

z+ 1.00000 2.43413 3.81486 4.74947 

Sources: Personal data (2022) 

In Table 1. the summated rating scaling score is generated from the z score for each response at each 

point. These results indicate that by scaling, the response score for each point is different from the 

response score without scaling. The scaled scores show the variation in scores between responses at each 

point, which are not fixed or always equal to 1. For example, response 1's score changes to -1.41570; 

response 2 to 0.01843; response 3 to 1.39916; response 4 to 2.33377. If the lowest score is changed to 

1.00000, then score 2 becomes 2.43413, score 3 becomes 3.81486, and score 4 becomes 4.74947. The 

impact of the variation in response scores on the summated rating scale includes finer variations in the 

data, influence on descriptive statistics (mean, variance, and normality of data), validity and reliability 

results, and interpretation of research results. 

  

https://bit.ly/36_Item_Summated_Rating
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Table 2. Summated Rating Scaling Calculation in Item 10 

Item 10 
Response 

1 2 3 4 

f 15 75 92 22 

p 0.07353 0.36765 0.45098 0.10784 

cp 0.07353 0.44118 0.89216 1.00000 

middle-cp 0.03676 0.25735 0.66667 0.94608 

z -1.78953 -0.65153 0.43073 1.60796 

z+ 1.00000 2.13800 3.22026 4.39749 

Sources: Personal data (2022) 

In Table 2, the summated rating scaling score is generated from the z score for each response at each 

point. These results indicate that by scaling, the response score for each point is different from the 

response score without scaling. The scaled scores show the variation in scores between responses at each 

point, which are not fixed or always equal to 1. For example, response 1's score changes to -1.78953; 

response 2 to -0.65153; response 3 to 0.43073; response 4 to 1.60796. If the lowest score is changed to 

1.00000, then score 2 becomes 2.13800, score 3 becomes 3.22026, and score 4 becomes 4.39749. The 

impact of response score variation on the summated rating scale includes finer granularity of data, 

changes to descriptive statistics (such as mean, variance, and normality of data), validity and reliability 

results, and interpretation of research results. 

Table 3. Summated Rating Scaling Calculation in Item 18 

Item 18 
Response 

1 2 3 4 

f 31 73 90 10 

p 0.15196 0.35784 0.44118 0.04902 

cp 0.15196 0.50980 0.95098 1.00000 

middle-cp 0.07598 0.33088 0.73039 0.97549 

z -1.43264 -0.43748 0.61400 1.96842 

z+ 1.32722 2.32238 3.37386 4.72828 

Sources: Personal data (2022) 

In Table 3, the summated rating scaling score is generated from the z score for each response at each 

point. These results indicate that by scaling, the response scores for each point are different from the 

response scores without scaling. The scaled scores show the variation in scores between responses at each 

point, which are not fixed or always equal to 1. For example, response 1's score changes to -1.43264; 

response 2's to -0.43748; response 3's to 0.61400; response 4's to 1.96842. If the lowest score is changed 

to 1.32722, then score 2 becomes 2.32238, score 3 becomes 3.37386, and score 4 becomes 4.72828. The 

impact of response score variation on the summated rating scale includes finer details of the data, changes 

in descriptive statistics (such as mean, variance, and normality of data), validity and reliability results, 

and interpretation of research results. 
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Table 4. Summated Rating Scaling Calculation in Item 27 

Item 27 
Response 

1 2 3 4 

f 7 65 79 53 

p 0.03431 0.31863 0.38725 0.25980 

cp 0.03431 0.35294 0.74020 1.00000 

middle-cp 0.01716 0.19363 0.54657 0.87010 

z -2.11637 -0.86461 0.11700 1.12685 

z+ 0.49160 2.57494 3.55654 4.56640 

Sources: Personal data (2022) 

In Table 4, the summated rating scaling score is generated from the z score for each response at each 

point. These results indicate that by scaling, the response scores for each point are different from the 

response scores without scaling. The scaled scores show the variation in scores between responses at each 

point, which are not fixed or always equal to 1. For example, response 1's score changes to -2.11637; 

response 2's to -2.11637; response 3's to 0.11700; response 4's to 1.12685. If the lowest score is changed 

to 0.49160, then score 2 becomes 2.57494, score 3 becomes 3.55654, and score 4 becomes 4.56640. The 

impact of response score variation on the summated rating scale includes refinement of data details, 

changes to descriptive statistics (such as mean, variance, and data normality), validity and reliability 

results, and interpretation of research results. 

Table 5. Summated Rating Scaling Calculation in Item 36 

Item 36 
Response 

1 2 3 4 

f 14 51 99 40 

p 0.06863 0.25000 0.48529 0.19608 

cp 0.06863 0.31863 0.80392 1.00000 

middle-cp 0.03431 0.19363 0.56127 0.90196 

z -1.82086 -0.86461 0.15420 1.29281 

z+ 0.93900 1.89525 2.91406 4.05267 

Sources: Personal data (2022) 

In Table 5, the summated rating scaling score is generated from the z score for each response at each 

point. These results indicate that by scaling, the response score for each point is different from the 

response score without scaling. The scaled scores show the variation in scores between responses at each 

point, which are not fixed or always equal to 1. For example, response 1's score changes to -1.82086; 

response 2's to -0.86461; response 3's to 0.15420; response 4's to 1.29281. If the lowest score is changed 

to 0.93900, then score 2 becomes 1.89525, score 3 becomes 2.91406, and score 4 becomes 4.05267. 

By considering the process of scaling the instrument through the methods described in Table 1 through 

Table 5 and in full through https://bit.ly/36_Item_Summated_Rating, it can be concluded that the 

impact of response score variation on the summated rating scale includes finer data granularity, changes 

in descriptive statistics (such as mean, variance, and data normality), validity and reliability results, and 

interpretation of research results. In addition, scaling Likert-type instruments with the summated rating 

method is actually a scaling process with a response approach. In this study, an attempt was made to 

compare the results of KMO MSA, Eigen Value, reliability, and Standard Error Measurement (SEm) 

raw scores (original) and standardized scores (rescaling). The instrument was scaled. In classical theory, 

instruments are analyzed using the summated rating method. 

https://bit.ly/36_Item_Summated_Rating
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Comparison of Analysis Results Each KMO MSA item, Eigen Value, Coefficient Reliability, and 

Standard Error of Measurement (SEm) 

Before comparing KMO MSA, Aigen Value, coefficient reliability, and Standard Error of 

Measurement (SEm), KMO MSA analysis using the R Program using Standard Error of Measurement 

(SEm). Help MS devices. Excel, and coefficient’s reliability using SPSS. Step First is to see the 

respondents' raw scores (original) and standardized scores (rescaling) through summated rating scaling. 

As for results analysis using SPSS, it can be explained as follows. 

Table 6. Analysis Results Raw Scores Table 7. Analysis Results Standardized Scores 

Case Processing Summary 

 N % 

Cases Valid 204 100.0 

Excluded a 0 ,0 

Total 204 100.0 

a. Listwise deletion based on all variables 

in the procedure. 
 

Case Processing Summary 

 N % 

Cases Valid 204 100.0 

Excluded a 0 ,0 

Total 204 100.0 

a. Listwise deletion based on all variables 

in the procedure. 
 

Sources: Personal data (2022)     Sources: Personal data (2022) 

Based on Table 6 and Table 7, it can be explained that 204 students were the respondents from the 

analysis of raw scores (original) and standardized scores (rescaling) through summated rating scaling, 

and all respondents' answers were filled in so that the valid number was 100%. 

Comparison of the overall KMO (Kaiser-Meyer-Olkin) Measure of Sampling Adequacy (MSA) 

analysis results between the original raw scores and the scores that have been standardized through 

rescaling was obtained using the summed rank scaling method with the R program. These results show 

minimal differences between the two methods, with KMO values of 0.87 for the original scores and 0.86 

for the rescaled scores, indicating that both assessment methods have the same high level of adequacy for 

factor analysis. 

Based on the comparison of the overall KMO analysis results in raw scores (original) and standardized 

scores (rescaling) through summated rating scaling, a difference of 0.01 was obtained. Overall, the scaling 

method actually reduces the KMO MSA value. This means that the scaling method does not have a 

significant effect on the KMO MSA results on an instrument, in this case, the critical reasoning attitude 

instrument for vocational school students. 

Furthermore, Table 8 compares the results of the KMO MSA analysis for each Item's raw scores 

(original) and standardized scores (rescaling) through summated rating scaling using the R program. 

Table 8. Comparison of KMO MSA analysis results for each Item original and rescaling 

Item 
KMO MSA 

Original Rescaling 

B1 0.82 0.82 

B2 0.81 0.81 

B3 0.89 0.89 

B4 0.72 0.73 

B5 0.86 0.86 

B6 0.88 0.87 

B7 0.82 0.82 

B8 0.87 0.87 

B9 0.76 0.74 
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Item 
KMO MSA 

Original Rescaling 

B10 0.85 0.85 

B11 0.72 0.74 

B12 0.86 0.86 

B13 0.79 0.80 

B14 0.86 0.85 

B15 0.73 0.74 

B16 0.88 0.88 

B17 0.88 0.87 

B18 0.79 0.76 

B19 0.91 0.90 

B20 0.80 0.78 

B21 0.91 0.91 

B22 0.89 0.89 

B23 0.91 0.91 

B24 0.88 0.88 

B25 0.90 0.90 

B26 0.91 0.90 

B27 0.89 0.89 

B28 0.88 0.88 

B29 0.88 0.88 

B30 0.90 0.89 

B31 0.87 0.87 

B32 0.83 0.83 

B33 0.87 0.87 

B34 0.86 0.85 

B35 0.89 0.88 

B36 0.92 0.92 

Sources: Personal data (2022) 

Based on the analysis using the R Program, the KMO MSA value for each Item raw scores (original) 

and standardized scores (rescaling) through summated rating scaling increased by four items (B4, B11, 

B13, and B15), 11 items decreased (B6, B9, B17, B18, B19, B20, B26, B30, B34, and B35), and 21 fixed 

items (B1, B2, B3, B5, B7, b8, B10, B12, B14, B 16, B21, B22, B23, B24, B25, B27, B28, B29, B31, B32, 

B33, and B36). So overall, the average KMO MSA value before scaling was 0.87, and after being scaled 

with a summated rating, it was 0.86. 

The researchers present the results of the KMO MSA analysis for each Item, raw scores (original), 

and standardized scores (rescaling) through summated rating scaling in Figure 1 and as follows, in 

addition to a detailed table for comparison. 
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Sources: Personal data (2022) 

Figure 1. Comparison of KMO MSA for Each Item Original and Rescaling 

Based on Figure 1, the KMO MSA graph is obtained based on calculations using the R program in 

accordance with Table 8, where four items increase, 11 items decrease, and 21 items remain constant. 

Furthermore, the Eigen Values raw scores (original) and standardized scores (rescaling) through 

summated rating scaling are presented in Figure 2 as follows. 

  

Original Rescaling 

Sources: Personal data (2022) 

Figure 2. Comparison of Eigen Values Original and Rescaling 

Screen plots of comparison of Eigen Values raw scores (original) and standardized scores (rescaling) 

through summated rating scaling explained the connection between many components or formed factors 

with eigenvalues value in form graph. Figure 2 shows that, at the moment, one component factor formed 

the curve. It still shows steepness, and at the second and third points of the line curve, it is still sharp. 

Meanwhile, the 4th, 5th, sixth, and seventh lines curve rather sharply. However, it is different from the 

2nd and 3rd line patterns previously. After passing point 7th, the line curve already starts ramps; 
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increasing to the right will create more ramps. From the explanation, it can be concluded that there are 

seven components or factors formed in the data before and after being scaled. 

Furthermore, based on the results of the analysis using MS Excel and SPSS, the Standard Deviation, 

Reliability Coefficient, and Standard Error of Measurement (SEm) data were obtained as follows. 

Table 9. Results of Standard Deviation, Reliability Coefficient, and   

Standard Error of Measurement (SEm) 

No Information Results Original Results Rescaling 

1 Standard Deviation 0.801 0.959 

2 Reliability Coefficient 0.823 0.821 

3 Standard Error of Measurement 

(SEm) 

0.337 0.406 

Sources: Personal data (2022) 

Table 9 shows the results of the calculation reliability instrument. Overall, using this formula, we 

obtained a reliability coefficient of 0.823 with a SEm of 0.337 and a Standard Deviation of 0.801 on the 

original data. Meanwhile, reliability is 0.821 with a SEm of 0.406 and a Standard Deviation of 0.959 on 

data that has been transformed into a z score. Reliability of every instrument Likert type raw scores 

(original) and standardized scores (rescaling) through summated rating scaling process No experience 

This significant change is in line with research results (Setiawati et al., 2013). Although the reliability of 

the original data is taller than the existing data scale, the difference is very small and lacks significance. 

When considering the Standard Error of Measurement (SEm), apparently, SEm on the existing data scale 

tends to be taller. After reliability on each dimension is obtained, the next step is to count the reliability 

instrument Likert type using the formula reliability stratified alpha composite (Setiawati et al., 2013). 

Chart Comparison Coefficient Reliability and Standard Error of Measurement (SEm) 

Below are presented the results of the Comparison Reliability Coefficient and Standard Error of 

Measurement (SEm) on raw scores (original) and standardized scores (rescaling) through summated 

rating scaling attitude reason critical Vocational school students are presented in the following picture. 

 

Sources: Personal data (2022) 

Figure 3. Comparison of Reliability and Standard Error of Measurement (SEm) 
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In Table 9 and Figure 3, the Cronbach's Alpha reliability raw scores (original) and standardized scores 

(rescaling) through summated rating scaling, it can be seen that the empirical test consists of 36 questions 

with a Cronbach's Alpha value of 0.823 exceeding the minimum limit of 0.60 so the instrument is reliable 

in the high-reliability category (Steenbergen-Hu et al., 2020; Liu & Cohen, 2021). The questions in the 

questionnaire relating to measuring critical reasoning attitudes in Muhammadiyah Vocational School 

students in Yogyakarta are considered reliable and consistent. 

The empirical test results show that the critical reasoning instrument (questionnaire) is considered 

appropriate and standard, with a validity level of 0.91 in the "high" category, reliability of each Item of 

more than 0.60 in the "strong" category, and factor relationships formed from 36 statement item. This 

information becomes the basis for researchers in continuing empirical tests. 

The calculation results in SEm show that Overall, using this formula, we obtained a SEm of 0.337 on 

the original data and a SEm of 0.406 on data that had been transformed into a z score. The reliability 

analysis of the measurement results showed that there was a decrease in the reliability coefficient after 

the data was transformed into a z-score. Although the decrease in the reliability coefficient was very 

small, the difference was not clear enough. However, after the measurement results were further analyzed 

in SEm, there was an increase in SEm in the transformed data. This increase looks quite high, especially 

for instruments that have high reliability. These results show that scaling does not increase the reliability 

score but increases the SEm. 

Conclusion 

Critical reasoning skills play a crucial role in effectively addressing everyday challenges and making 

informed decisions. These skills enable individuals, particularly students, to derive accurate conclusions 

grounded in facts, solve problems systematically, and propose effective solutions. The evaluation of 

students' critical reasoning attitudes is equally important, as it involves measuring non-cognitive 

dimensions to reflect the qualifications of the attributes being assessed. 

Assessment methodologies are diverse, ranging from nominal to ratio scales. Ordinal data derived 

from Likert-type scales are prevalent in educational assessments but pose limitations for parametric 

statistical analysis due to their ranking nature. This has led to ongoing debates about transforming ordinal 

data into interval data to facilitate more robust statistical analyses. One approach to address this is 

through summated rating scales, known for their reliability and validity in measuring latent constructs. 

The present study utilized an adapted instrument with 36 validated and reliable items to assess the 

critical reasoning attitudes of 204 vocational school students. Data were collected via a questionnaire and 

analyzed using summated rating scaling to compare the results of KMO MSA, Eigen Value, reliability, 

and Standard Error of Measurement (SEm) raw scores (original) and standardized scores (rescaling) 

through summated rating scaling. The analysis involved detailed statistical calculations using tools like 

Microsoft Excel, SPSS 26, and the R Program. 

The findings show that the use of summated rating scaling does not significantly alter the psychometric 

properties of the instrument. The KMO MSA values for the original and rescaled scores through 

summated rating scaling were relatively consistent, indicating that the transformation process had 

minimal impact on the fit of the factor analysis. The rescaled scores provide a more subtle variation in 

the data, which may improve the interpretation of the results, but does not noticeably increase or decrease 

the overall reliability and validity of the instrument. This is because the data was not transformed to an 

interval scale, so the standardized scores retain ordinal characteristics. 

In conclusion, although summated rating scaling can refine the granularity of data and potentially 

affect descriptive statistics and interpretation, its impact on fundamental psychometric properties, such 

as reliability and validity, appears limited. However, to obtain more accurate results and a truly linear 

scale, it is recommended that researchers and educators transform the data to an interval scale using the 
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Rasch model. Thus, the measurement process can be more precise without compromising the integrity 

of the measurement instrument. 
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Appendix 

1. Instrument (36 Item): http://gg.gg/Instrument_36_Item   

2. Calculation Summated Rating Scaling (36 Item): https://bit.ly/36_Item_Summated_Rating   

3. Data SD, SEm, and Reliability Analysis: http://gg.gg/3-SD_SEm_and_Reliability_Analysis   

4. SPSS and R Program Analysis Results: http://gg.gg/SPSS_and_R_Program_Analysis_Results   
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